Bjorn~ya, the southernmost island of the Svalbard Archipelago, is situated on the Stappen High close to the western margin of the Barents Shelf, midway between Spitsbergen and the mainland of Norway (Fig. 1) . Despite its small size (178 km2), the island has an extensive geological succession of late Precambrian to early Mesozoic age that aids significantly the understanding and interpretation of the geology of the adjacent Barents Shelf area.
Geological study of the island began at the end of the last century, the Triassic succession was described by Anderson (1900) ; his fossil collection was described by Bohm (1903) . Detailed mapping (Horn & Orvin 1928, 1:50 .000 geological map) gave little new information on the Triassic succession. Comments on the Triassic succession of the island were included in the regional studies of the Svalbard Archipelago by Buchan et al. (1965) and Tozer & Parker (1968) . These studies were, however, hampered by lack of new field data. A new phase of investigation of the Triassic rocks, started by Soviet geologists (Pchelina 1972; Krasilshchikov & Livshits 1974) , was continued by Norwegians (Mork et al. 1982; Bjor0y et al. 1983; Worsley et al. in press) .
Geological setting
The sedimentary succession of Bj~rnoya comprises three main geological elements (Horn & Orvin 1928) (Fig. 1 The Hecla Hoek basement forms the mountainous southern part of B j~r n~y a , and clastics and carbonates of Devonian to Permian age are exposed over most of the remainder of the island.
The uppermost Permian Miseryfjellet Formation (and partly the Hambergfjellet Formation) rests with angular unconformity on earlier Permian and pre-Permian units. The Triassic rocks are present only on the highest mountain of Bj0rn0ya. Miseryfjellet, where they rest disconformably on the Miseryfjellet Formation. This contact is marked by a topographic break in slope (Fig. 2 ) that reflects the great difference in hardness of the Permian limestones and the Triassic shales.
The Devonian to Permian succession was briefly described by Worsley & Edwards (1976) and the sedimentological evolution of the late Palaeozoic succession has been presented by Worsley et al. (in press) . They show that tectonic stabilization took place in the Permian and that shallow marine platform environments developed over the entire island, probably extending onto large parts of the Barents Shelf. According to Krasilshchikov & Livshits (1974) , the entire late Permian (Kazanian and Tatarian) is missing, although biostratigraphical evidence for this hiatus has not been presented. The stable tectonic situation continued into the Triassic, although a large gap in sedimentation spans the PalaeozoicMesozoic boundary.
Previous research on the Triassic of BjOrnOya
The presence of Triassic rocks on B j~r n~y a was first recognized on the basis of fossils collected during the Nathorst expedition of 1898, and the succession was studied and sampled by Anderson (1900). Andersson's fossil collection was documented by Bohm (1899 Bohm ( , 1903 who proposed a Carnian age for the uppermost 40m of the succession; the age of the lower 140 m was not established. Anderson (1900) preferred an early Triassic age for these lower beds, though Nathorst (1910) advocated a Carnian age for the entire shale succession on the basis that it did not contain the very abundant bivalve fauna (daonellids or Posidonia) common on Spitsbergen.
British ecologists observed a labyrinthodont amphibian approximately 100 m below the top of the peak of Urd, and they covered the finds because they were unable to collect such a large fossil (Lowy 1949) . (The three metres long amphibian was rediscovered in 1984 during a geological excursion by the Continental Shelf Institute (IKU). The remains were protected and excavated the following summer by technicians of the Palaeontological Museum in Oslo, and are now under preparation.)
In their stratigraphical synthesis of the Triassic succession of Svalbard Buchan et al. (1965) correlated the upper fossiliferous part (64m) with the Kapp Toscana Group and the underlying 126 m with the Sassendalen Group on the basis of the observations of Anderson (1900) and Bohm (1903) . They regarded the fossiliferous beds as Ladinian, based on the ammonoids reported by Bohm. For the entire Sassendalen Group on Bj@rn@ya they suggested a general Early and Middle Triassic age, although they indicated that the lower part of these shales could have been deposited in the Permian (Buchan et al. 1965, fig. 22 ). The biostratigraphy was further elaborated by Tozer & Parker (1968) , who made comparisons with the type sections in Canada (Tozer 1961 (Tozer , 1967 . Tozer & Parker postulated that '. . . the presence of the Upper Ladinian Sutherlandi Zone in Svalbard is shown by the occurrence of Daxatina (= Dawsonites) canadensis (Whiteaves) on Bj@m@ya (Bohm, 1903) , in beds assigned to the Kapp Toscana Formation by Buchan et al. (1965, p. 47) . Daxatina canadensis is restricted to the upper part of the Sutherlandi Zone in British Columbia and the specimens from Bj@rn@ya, described as having rounded saddles, seem to have been correctly identified by Bohm. Bohm's assignment of the beds to the Carnian is not justified . . .'. Concerning the fauna derived from the overlying beds, Tozer & Parker kept open the possibility that this could be of Carnian age.
The most thorough and interdisciplinary studies of the Triassic of Bj@rn@ya were carried out by Soviet expeditions in 1969 and 1970 (Pchelina 1972 . By comparing the stratigraphical succession with that of the other islands in the Svalbard archipelago and with evidence from macrofossils (several of them poorly preserved), Pchelina postulated the presence of Lower (50m), Middle (0.2m) and Upper (140m) Triassic sediments separated by depositional breaks in the upper part of the Lower Triassic and in the Middle Triassic. Pchelina (1972) correlated the lowermost beds (22m) in Bj@rn@ya, on litho-logical criteria, with the lower part of the Sassendalen Group, and tentatively indicated an Induan (Griesbachian and Dienerian) age for these beds. The characteristic, although poorly preserved, ammonoid (Euflemingites) of the overlying beds is well known in the Smithian of Spitsbergen. ?Arctoceras blomstrandi was reported by Pchelina from a bed two metres below the phosphate conglomerate and she assigns this bed to the Smithian. It should be recognized, however, that Pchelina postulated a major break in sedimentation in the upper part of the Olenekian (Spathian). The two main units were interpreted as separated by a thin remanie conglomerate of phosphate cemented nodules containing variable amounts of other mineral grains. In fact the phosphatic conglomerate reflects multi-sedimentation processes, and Pchelina regarded the nodules as representing remains of the entire Middle Triassic, as similar phosphate nodules are reported in this part of the succession elsewhere in Svalbard. The uppermost part of the succession contains macrofossils dated as Carnian, and Pchelina correlated this with the Upper Triassic, on the basis of similarities with the other Svalbard islands, mainly Sorkapp Land, pointing to the dominance of detrital (?Permian) clastics in the lower part, and the change from dolomitic beds and concretions of the Lower Triassic succession to dominantly siderite concretions in the upper part. A transition in clay mineralogy was also reported, and the section contains on average approximately one percent organic carbon; the Lower Triassic succession has a higher v / C ratio and a higher extractability than the upper part. This was attributed to the kerogen being mainly of marine origin in the lower part and mainly derived from higher plants in the upper part of the section.
The Soviet expeditions also resulted in a tectonic study, concentrating mainly on the preTriassic development of the island (Krasilshchikov & Livshits 1974) . According to these authors, the principal faults in the Permo-Triassic complex have a northeastern trend inherited from older fault systems. Based on the work of Pchelina, they assigned the lower part of the Triassic to the Urd 'Suite' and the upper part to the Skuld 'Suite'.
After a reconnaissance study in 1977, formal lithostratigraphical units were defined for the Triassic succession by Merk et al. (1982) . who mainly adopted the stratigraphical concepts of Pchelina (1972) . The lower 65 m were assigned to the Urd Formation and included in the Sassendalen Group. The phosphate conglomerate was named the Verdande Bed and included in the Urd Formation. The whole upper part of the succession was named the Skuld Formation and correlated with the lower part of the Kapp Toscana Group.
The organic geochemistry of the Triassic rocks has been presented by Bjoroy et al. (1983) who reported a mixture of herbaceous and amorphous organic material in the Urd Formation, and mainly woody and herbaceous mixed with amorphous material in the Skuld Formation. The organic content varies between 0.6 and 2% and the deposits, especially the siltstones, contain a fair amount of extractable hydrocarbons. The source of the hydrocarbons in the Urd Formation is regarded as interbedded shales, while the siltstones of the Skuld Formation contain hydrocarbons both from interbedded shales and possibly from shales in the underlying Urd Formation. The chromatograms of the lowermost beds of the Urd Formation are, however, similar to those from Palaeozoic samples. The maturity of the succession corresponds to the lower part of theoil window (i.e. 0.9-l.l%Ro), and shows that a few kilometres of overlying rocks have been eroded. The Triassic succession on Bj~rnoya has a fair to good potential to source hydrocarbons.
The Triassic sediments
The Triassic beds are preserved only upon the Permian mountain plateau that constitutes the basal part of Miseryfjellet ( Figs. 1 and 2 ). Soft Triassic shales form three peaks: Urd, Skuld and Verdande. The most complete succession (type section for all units, Fig. 3 ) can be studied along the southern ridge of the highest peak (Urd), from the cairn at 346.6 m above sea level to the top of the mountain at 536m. The basal beds (Fig. 5 ) are also well exposed at the locality Osten between Urd and Verdande (Figs. 6 and 7). The Triassic beds rest disconformably, with a few degrees northerly dip, on the more resistant limestones of the Miseryfjellet Formation. Parts of the section are covered by shale debris from the overlying slopes.
The Urd Formation
The Urd Formation (65 m) consists of shales and siltstones with some sandstone beds at the base; At the base of the Urd Formation type section (Figs. 3 and 5) a fine-grained brownish weathering laminated sandstone with wave ripples is overlain by a weakly consolidated and irregularly laminated bed (0.3 m thick) which contains abundant glauconite. Then follow three thin partly laminated beds, the highest of which shows some bioturbation and wave ripples on its top. These lowermost beds contain abundant reworked debris, phosphate and glauconite grains, as well as abundant iron-oxides between the grains. The abraded nature of the grains suggests that they were derived from the underlying Permian unit.
At Osten (Figs. 5,6 and 7 ) , 1.3 km north of the type section, a more shaley development is seen, although glauconite-rich planar bedded sandstones are also present, resting conformably on a well developed dolomitic crust in the Miseryfjellet Formation.
The lower 25 m of the Urd Formation contain no macrofossils and sparse bioturbation is only observed in the lowermost beds, which are partly covered by scree. The main part of the succession consists of grey laminated silty shale, with thin (10-20 cm), yellow weathering, dolomitic siltstone beds. The lowest and thickest (50 cm) bed is planar laminated, and has linguoid wave ripples The number of siltstone beds increases towards the top of the formation, giving the section the appearance of a minor coarsening upward unit, although the coarsening is not as pronounced as often seen on Spitsbergen. The siltstone beds, dominated by quartz and with only subordinate mica, contain abundant dolomite cement in the lower part of the unit. Towards the top of the Urd Formation, the silt content decreases and the siltstones are replaced by dolomite beds. Faint lamination is normally seen in these beds, and bioturbation is sparse and restricted to very few beds.
The silty dolomitic beds close to the top of the formation contain a few poorly preserved ammonoids and bivalves. These beds have been treated in detail by Pchelina (1972) , who regarded them as a condensed sequence, including periods of low or non-deposition. Pchelina also reported the presence of the ammonoid ?Arctoceras blomstrandi. A fish jaw fragment from this level is assigned to Saurichthys (Franz-Josef Lindemann, pers. comm. 1989), a genus mainly known from the 'Fish Horizons' of Smithian age on Spitsbergen (cf. Stensio 1925) . The dolomites are argillaceous, partly laminated and recrystallized. There are common imprints of bivalves, which often occur as small cavities filled by drusy carbonate minerals, mostly dolomite but also quartz. The dolomite beds are overlain by a few metres of carbonaceous, argillaceous and silty rocks with dolomite concretions. Pchelina (1972) also reported abundant algal filaments and a high content of organic matter in these beds.
The Verdande Bed is a thin conglomerate of grey phosphatic nodules ( Fig. S) , which rests on the upper dolomite bed of the Urd Formation. The dark grey nodules range up to 10 cm in diameter, and include globular and irregular forms; many are flattened. The nodule bed is also accessible on the southern slope of Verdande, where a more diverse assemblage of nodules can be sampled than at the type locality which has been visited by more geologists during the last decade. The nodules have a heterogeneous composition of embedded clastic grains and phosphate intraclasts, but no body fossils have been found.
Thin sections from the phosphate cemented nodules (Fig. 8 ) display high but variable concentrations of clastic grains. Some nodules con- Osten. tain heterogeneous grain assemblages including mica flakes and abraded gfauconite grains, while others are dominated by quartz. The degree of sorting also varies, and in one thin section the quartz grains are better rounded than in the others. The clastic grains indicate a heterogeneous source. Most of the nodules contain grain supported textures and the phosphate occurs as a microcrystalline cement between the clastic grains, although in small areas the clastic grains are floating in the phosphate matrix. Fossil fragments in the nodules include sponge spicules, bivalve fragments, ostracode shells and the algae resembling Mizzia. Sponge spicules and the Mizzia-like algae are most abundant and are generally phosphatized, although small parts of the fossil walls may consist of chert. Ooids occur in two thin sections and are mostly phosphatized; some have central cavities filled with minerals such as glauconite, quartz, pyrite and more seldom kaolinite and clay matrix. Cavities in intraclasts are either empty or filled with secondary minerals such as glauconite, kaolinite and pyrite. Three thin sections have been studied by electron microscope and analysed by microprobe. The mineral composition of the amorphous phosphate varies very little between the nodules and between the phosphatic intraclasts and the matrix. Calculation of the mineral formula shows that there is scarcely any carbonate present in the apatite structure, while fluorine is abundant. This composition contrasts with results from Middle Triassic phosphate nodules from Spitsbergen, which consist of francolite (carbonate apatite).
The Skuid Formation
The upper 135 m of the section on Urd mountain are assigned to the Skuld Formation, which consists of several minor coarsening upwards sequences, grading from grey to dark grey shales with red weathering siderite nodules, to finegrained sandstone (Fig. 3) . A grey shale directly 
Skuld Formation
Lower sandstone cycle m overlies the Verdande Bed, and contains abundant small siderite nodules. The siderite is finegrained (micritic), and only contains minor quartz grains. The nodules vary from only a few centimetres to tens of centimetres in diameter. The latter flattened discs often form nodular beds, which vary in abundance upw'ard throughout the formation. There are no silt or sandstone beds in the lower few metres of this shale, but such beds occur from approximately 10 m above the base of the formation and the abundance of thin siltstone beds increases upwards through the lower sequence, although very fine sand grade is rarely reached. Current activity is indicated by asymmetric ripples in the lower beds, while hummocky cross lamination and wave ripples interbedded with parallel lamination occur in the upper part of the succession. Plant debris are abundant, especially as minute fragments on top surfaces of siltstone beds.
Approximately 100m above the base of the section, a sandy interval ( Fig. 9 ) contains abundant thin sandstone beds with planar lamination, hummocky bedding and wave ripples. The beds become coarser, thicker and more abundant upwards, and culminate in two sandy beds a few metres thick, separated by a few metres of shale. Linguoid wave ripples and plant fragments are abundant in these sandstones. The sandstone interval grades upwards into grey shale with silt and sand lenticles. A three metre long labyrinthodont amphibian (Fig. 10) was found between these sandstone beds. The amphibian remains consist of fragmented phosphatic bones preserved in a shaley interval between silt/sandstone beds. Combinations of wave ripples and hummocky bedding indicate shallow depositional environments. Marine fossils occur both below and above the sandy part of this interval. Most probably the amphibian lived at least partly on land, and this part of the sequence may have been deposited close to the shoreline.
Several minor coarsening upwards sequences (mainly from shale to siltstone) occur between 120 and 175 m. These sequences vary from only a few metres to nearly 10 m in thickness. Occasional bivalves are present, mostly daonellids or Halobia. Sparse rippling and hummocky bedding are also observed, although the bedding in the siltstones and sandstones is mostly irregular. The upper sandstone unit contains both wave ripples and hummocky cross bedding. Some beds have sparse bioturbation in their upper part. At 168 m, a bedding surface has abundant gastropods, mostly preserved as siderite steinkerns.
The top sandstone (Fig. 11 ) comprises very fine-to fine-grained thinly to thickly bedded (0.1 to 1 m) sandstone, and is slightly more than 20 m thick. Below this sandstone, some thin siltstone beds show wave ripples. Parts of the sandstone contain low angle cross-beds; some beds continue across the entire exposure in the cliff below the mountain top. Several large and ~o m e minor car- Thin sections (Fig. 12) generally show a het-(M) and the rough grey matrix is composed of clay minerals erogeneous mineralogy, and diagenetic fabrics ( ' 1. The bright rim cement is siderite.
are more extensive in the upper sandstone unit than in the sandstone in the middle part of the formation. Mica and plagioclase are abundant in the upper sandstone, and plastic squeezing, mainly of clay minerals, has blocked most of the pores, while later quartz overgrowth has sealed off any remaining porosity. Cementing minerals in the sandstone include quartz, illite and chlorite, in decreasing amounts. There is no preserved primary porosity or observed secondary porosity. This quartz sandstones of the Urd Formation. 
Mineralogy by X R D
Thirty-nine samples of shales, silty shales, carbonate and phosphate nodules have been analysed by X-ray diffraction (Fig. 13) . Trends throughout the succession reflect both primary mineralogy and diagenesis.
Analytical proccdure: The samples were gently crushcd and sucked onto milliporc filters for whole rock analysis. Thc minerals were identified as indicated below, and the quantification was based on peak height multiplied by the width of the peak at half maximum height. The results wcre multiplied by a weighted factor relative to quartz. The 78, minerals were split into kaolinite and chlorite by calculating the relative percentage of the height of the 3.58A and 3.54A peaks, respectivcly. Phosphate was detected by three characteristic peaks (2.808,, 2.688, and 2.62A); the major peak at 2.808, was used for calculations. The shales of the Skuld Formation have a higher clay mineral content than the Urd Formation, and there is an abrupt increase at the formation boundary. The increase is due to higher proportions of both illite and 7A minerals. Kaolinite is dominant over chlorite in the Urd Formation, while the reverse is seen in the Skuld Formation. Smectite is detected in the Skuld Formation as well as in the uppermost metres of the Urd Formation. The concentrations of quartz and feldspars simply reflect the silt and sand content of the shales. Alkalifeldspars are only found in minor amounts in the Skuld Formation, while plagioclase is common throughout the section, but most abundant in the upper unit.
Diagenetic minerals occur as cement in clastic beds and in nodules. Dolomite is only recorded in the Urd Formation. The nodules of the Verdande Bed have phosphate cement without any calcite, while in the remaining part of the Skuld Formation nodules consist of siderite, and calcite is only present as a minor constituent (cement) in some siltstone beds. Dispersed pyrite is common as a minor constituent in the Urd Formation and it is present in the shales of the Skuld Formation as discrete nodules.
Palynology
The palynological investigations involved the study of about 140 samples from the Urd Forma- tion, the Verdande Bed included, and the Skuld Formation. About half of the samples were barren, and are not included in the distribution chart (Fig. 14a) . Most of the palynomorphs recovered are poorly preserved (Figs. 15 and 16) , resulting in difficulties in identification. Some samples yielded reasonably well preserved and diverse microfloras; variations in the diversity of the microfloras are attributed largely to differences in the state of preservation. There are, however, clear differences between assemblages dominated by spores and acritarchs in the Urd Formation (Fig.  14a) and the spore or pollen dominated assemblages of the Skuld Formation (Figs. 14a and  15 ). An alphabetic list of the taxa recorded is presented in Figs. 14b and c.
The recent study by Hochuli et al. (1989) reviews the relevant palynological studies for the Barents Sea area, and establishes a palynostratigraphic framework for the Triassic of this area. The study was based on material from onshore Svalbard and from scientific and exploration drilling in the Barents Sea. In the present study the palynomorph assemblages from B j~r n0ya are compared with assemblages 'A-P' of Hochuli et al.
Two palynomorph assemblages are recorded from the Urd Formation (Fig. 14a) The nodules from the Verdande Bed yielded only a few palynomorphs. The record of Densoisporites nejburgii in one sample (65.05 m) is taken as evidence for an age older than Middle Anisian. However, the possibility of reworking has to be considered.
In the Skuld Formation we recognize the following palynological assemblages (Fig. 14a) :' -65.5-c. The assemblages suggest that much of Anisian and Ladinian time may be unrepresented and that a substantial hiatus occurs between the two formations. The Ladinian-Carnian boundary is considered to be located around 165.0m but is not clearly defined palynologically.
The palynomorph assemblages of' the Urd Formation
The palynomorphs from the lowest part of the Urd Formation (0. A corresponding assemblage characterized by abundant Cycadopites sp., Pretricolpipollenites and numerous acritarchs and leiospheres comprises 'Assemblage 0' of Hochuli et al. (1989) , which has been recovered from the Vardebukta Formation in Spitsbergen, above the oldest Triassic palynological 'Assemblage P' in Festningen. Farther north in the Bertilryggen section this assemblage occurs in association with a Dienerian fauna. In the present investigation Proprisporites pococki has also been found in an 'Assemblage 0' association in BjBrnciya. Unpublished results (Vigran) from cored material from the Barents Sea show that the taxon ranges into the Late Smithian Wasatchites tardus ammonoid zone, and thus extends higher than recorded by Hochuli et al. (1989) .
Similar assemblages, with common Cycudopites and including Proprisporites pococki, were described from the Early Triassic of western Canada by Jansonius (1962) and from Greenland (Griesbachian) by Balme (1980) . Utting (1985 Utting ( , 1989 The samples show very poor productiveness in the uppermost part of the Urd Formation (64.C-65.0 m), and have a higher proportion of densely aggregated degraded material. The aggregates have a granular structure which may possibly be related to the activity of blue green algae. Algal structures have also been reported by Pchelina (1972) from this level.
The distinct change in the distribution pattern of palynomorphs above the level of the Verdande Bed (Fig. 14a) gives clear evidence for the important break in deposition. The presence of Densoisporites nejburgii is one feature the Verdande Bed has in common with the underlying part of the Urd Formation. However, this species ranges up into the Early Anisian, where it occurs rather sporadically. It is also possible that it represents reworking from the Lower Triassic sediments.
The palynomorph assemblages of the Skuld Formation
The lowest sample from the Skuld Formation, at 65.5 m, contains a poor palynomorph assemblage comprising mostly long ranging pollen and spores and a few acritarchs. A special feature is Schizaeoisporites worsleyi and the frequent occurrences of lllinites chitonoides, Oualipollis pseudoalatus and Leschikisporis aduncus.
A relatively rich and diverse assemblage is recorded from 66.0 m, 1 m above the Verdande Bed (Figs. 14a and 15 (Hochuli et al. 1989) .
Well preserved palynomorphs have been recordedat80.0and85.5 mwhere thestratigraphic incoming of species such as Annulispora folliculosa, Kraeuselisporites cooksonii, Plaesiodictyon mosellanum, Stauroasaccites quadrifidus and Zebrasporites interscriptus is indicative of an age no older than Late Ladinian. These species have previously been reported from the Late Triassic of Spitsbergen, Hopen and Kong Karls Land (Bjaerke & Dypvik 1977; Bjaerke & Manum 1977; Smith et al. 1975) . They are also present (Vigran unpublished data) at the base of the Tschermakfjellet Formation (Carnian) and in the uppermost part of the Sassendalen Group (Ladinian) in Spitsbergen. Hochuli et al. (1989) differentiate two assemblages (G and H) in the upper part of the Ladinian of the Barents Sea area on the basis of the extinction of a distinctive acritarch 'Cyrnatiosphaera sp. 1'. Echinitosporites iliacoides occurs in both assemblages and ranges to the top of the Ladinian, whereas 'Cyrnatiosphaera sp. 1' seems to be absent from the higher assemblage (G). In the present material Cyrnatiosphaera sp. 1 has not been found. This may be due to the generally poor preservation of the palynomorphs and deterioration of this rather fragile acritarch, or it could mean that only 'Assemblage G' is present in the uppermost Ladinian part of the Skuld Formation. On the other hand, the two assemblages may represent different marine environments, the more shallow conditions having developed in B j~m~y a only. Palynodebris in the interval from 65.5 up to 94.0 m includes abundant tracheids and granulate amorphous aggregates of degraded material. Spores are abundant in relation to pollen grains. The overlying layers (94.@-110.0 m) are very poorly productive, thus Triadispora spp., although common, are mostly identifiable only to generic level.
The palynological record above 94.0 m (up to 161.0m) is rather sparse. In addition to the samples reported in the range chart (Fig. 14a) , a number of barren samples has been prepared from this part of the section. A few samples with reasonably well preserved palynomorphs occur between 161.0 and 176.0m. The highest occurrence of Echinitosporites iliacoides and the only record of the genus Retisulcites in sample 27, between 161.0 and 167.0 m, is evidence for a latest Ladinian age. Otherwise no important change is apparent at this level.
The assemblages immediately above (167.0, 168.0ni and sample 28 between 168.0 and 170.0 m) are considered to represent the lower part of the Carnian ('Assemblage D-F' of Hochuli et al. 1989) . Aulisporites astigmosus, a typical Carnian form, has been recorded only in sample 28. Illinires chitonoides, which is present in all productive samples and is believed to have an extinction level in the Early Carnian, has its highest occurrence at 168.Clm. Hochuli e t al.
report it in 'Assemblage F' from the base of the Tschermakfjellet Formation in Spitsbergen. O n the basis of the stratigraphic position of the interval we would therefore suggest an Early Carnian age. There is no positive palynological evidence for a closer dating of this interval in which the organic residues are dominated by coarse wood debris and poorly preserved palynomorphs.
The productive samples between 170.0 and 193.0 m contain a rather restricted Carnian assemblage and several samples from this interval proved to be barren of palynomorphs. There is no evidence for an age younger than Carnian in this uppermost part of the Skuld Formation.
Acritarchs are rarer in the Skuld Formation than in the Urd Formation, and are virtually absent in some samples, mainly between 103.5 and 124.0 m. Records of the cenobial alga Pfaesiodictyon rnosellanum from 80.0 m and in sample 30 from near the top of the Skuld Formation reflect an influx from a fresh or brackish water environment. The discontinuous record of this species might also be a preservational feature due to the fragile nature of this palynomorph.
Climute and plant geography
The Triassic floras of land areas close to Bj@rn@ya and Spitsbergen are so far known only through their pollen and spores. Though poorly preserved, the palynoflora from Bjarnoya therefore warrants some palaeogeographic considerations. Reconstructions of Late Permian and Triassic floras in the Arctic are few. Wang Ziqiang (1985, fig. 2 ) shows a Eurasian arid province extending into northern China, distinct from the Angaran floras to the north, but does not consider the Canadian Arctic or the Svalbard region. Jacobsen & Van Veen (1984), comparing conditions on the shelf along northern Norway, discussed the general European pattern of a humid Ladinian and a drier Carnian climate, as clearly expressed by the palynology in Haltenbanken. There is an increahe (Fig. 14a) . The spores were produced by an ecologically specialized group of pteridophytes, Pleuromeia spp., that dominated coastal areas. They were replaced by lycopsids that produced cavate monolete spores, Aratrisporites spp., a group that was well established earlier, but which became abundant in the Smithian of Bj@rn@ya and Svalbard (Hochuli et al. 1989) , as well as in Arctic Canada (Fisher 1979 ).
This early establishment contradicts their known appearance in more southern latitudes, and supports the idea that more humid, temperate climates developed in the Arctic when drier conditions unfavourable for the Aratrisporites group persisted in the south.
Another characteristic feature of most of the Urd Formation in Bj@rn@ya is the abundance of fungal hyphae ('Fungal remains type 1' of Hochuli et al. 1989) , reflecting a local humid environment. The same feature has also been recorded (Hochuli et al. 1989) in Spitsbergen, and seems a general feature in Smithian deposits of the Barents Sea area.
The Late Ladinian of the Skuld Formation in Bjmncdya is dated on the basis of Echinitosporites iliacoides, which is stratigraphically restricted in the Germanic and Alpine regions (Visscher & Brugman 1981) . The fairly well preserved palynological assemblages are distinguished by the abundance and variety of gymnosperm pollen, such as Alisporites rnicroreticulatus and Vitreisporites pallidus that are common in the other regions, but there are important differences. Pollen, including Triadispora verrucata, Staurosaccites quadriJidus and Chasmatosporites spp., present at this level are believed not to appear until the Carnian in more southern provinces.
The number of pteridophyte spores, among them Leschikisporis sp., increases dramatically towards the labyrinthodont bed, probably as a result of proximity t o a contemporaneous shoreline, and shows that there was a rich vegetation partly dependent on humid conditions close to Bj@rn@ya. There are strikingly few members of the dry climate indicators (Visscher & Van der Zwan 1981) of the Circumpolles group which are so characteristic in the Ladinian and Carnian of southern areas (Van der Eem 1983; Blendinger 1988) . This would support the inference of a temperate humid climate in the Ladinian.
The palynology of the Carnian deposits in B j~r n~y a (Fig. 14a ) compared with that of the. Late Ladinian suggests that there were no dramatic environmental changes. The large number of pteridophyte spores and the near absence of the Circumpoiles group support the continuation of fairly humid conditions in the area.
Ages and correlations
On the basis of macrofossils and palynology the following ages may be assigned to the Triassic succession:
The lowest three metres of the Urd Formation contain representatives of palyno-assemblage '0' of Hochuli et al. (1989) , which is also found in (Biihm 1903; Tozer & Parker 1968) . The palynomorph assemblages below this level, although poorly preserved, resemble the Late Ladinian palyno-assemblage 'G', and samples from the succeeding 4 0 m contain some components of the early Carnian ( palyno-assemblage 'F to D'). There are strong lithological similarities between the grey shales, with abundant red weathering siderite nodules, of the Skuld Formation and the Tschermakfjellet Formation on Spitsbergen. The impure sandstones of the Skuld Formation are also similar to lithologies reported by MGrk et al. (1982) from the De Geerdalen Formation on Spitsbergen. In Spitsbergen the transition from the Bravaisberget FormationBotneheia Member to the Tschermakfjellet Formation at the base of the Kapp Toscana Group is now regarded as being around the Ladinian ~ Carnian transition (Korchinskaya 1982; Mark et al. 1989) . The continuous presence of lithologies that are similar to those of the Tschermakfjellet Formation through the major part of the Skuld Formation indicates that the change from mature to immature mineralogy took place earlier in B j~r n~y a than in the other Svalbard islands.
Depositional cycles M0rk et al. (1989) have described transgressiveregressive cycles for Triassic sequences in the Arctic, and demonstrated that most are correlatable from the Sverdrup Basin through Svalbard to the Barents Sea. The incomplete succession of Bjmrn0ya follows the same cycle pattern, but shows important differences. The marked change in sedimentation pattern, from fault controlled in the Carboniferous-early Permian to tectonically stable in the late PermianTriassic, has been recognized for the Svalbard Archipelago by Steel & Worsley (1984) and described from B j o r n~y a by Worsley et al. (in press ). The break in sedimentation between the Miseryfjellet Formation and the Urd Formation represents a long period of time, and the basal (Griesbachian) transgression recognized in most other Arctic areas ( M~r k et al. 1989) does not seem to have affected Bj@mciya.
Dienerian cycle. -The basal sandstone unit at Bjornciya, which is only 1 to 2 rn thick, contains abundant clasts from the underlying formation, and may be regarded as the initial deposit of the transgressive Triassic clastic sequence. At Sorkapp Land, on southern Spitsbergen, a transgressive basal conglomerate (the Brevassfjellet Bed), regarded as Dienerian in age by Birkenmajer (1977) , overlies both Hecla Hoek basement and Palaeozoic rocks on the SmkappHornsund High (Worsley & Mark 1978; M@rk et al. 1982) . The Dienerian transgression of BjQrnaya is thus contemporaneous with the last part of the early Triassic transgression in the Svalbard Archipelago and in the Hammerfest Basin as reported by Jacobsen & Van Veen (1984) . The sedimentation initiated in the gression, apparently with deposition in the same facies .
Srnithian cycle. -Around 20 m above the base of the section the darker sediments contain poorly preserved ammonoids that are common in beds referred to the Smithian elsewhere in Svalbard. The colour change in the basal part of the Smithian beds is interpreted as a result of reduced sedimentation rates with a relative increase of the organic content due to a major highstand. This event can also be recognized at the base of the Tvillingodden Formation and the Sticky Keep Member elsewhere in Svalbard (Mark et al. 1982) , and may also be traced to the Sverdrup Basin and other Arctic areas (Mark et al. 1989 ). The Smithian palyno-assemblage 'N' of Hochuli et al. (1989) was recorded from the 6.0m level upwards in the Urd Formation.
The upper few metres of the Urd Formation include several silty dolomitic beds with a few poorly preserved fossils. These beds have been treated in detail by Pchelina (1972) , who regarded them as a condensed interval, including probable periods of non-deposition. Pchelina reported the presence of the ammonoid ?Arctoceras blomstrandi in these beds; this species is common in Smithian beds elsewhere in Svalbard (Korchinskaya 1982) , where the age is confirmed by palynomorphs. If we accept a Middle Triassic age for the Verdande Bed (see below), it seems that large parts of the Spathian are missing on Bj0r-n0ya or represented by a strongly condensed section.
Anisian-Ladinian sedimentation and erosion. - The poor palynological evidence defining the age of the phosphate nodules of the Verdande Bed as older than Middle Anisian suggests, with the lithological correlation with nodule bearing Middle Triassic sediments on Spitsbergen, that these rocks formed in the Early Anisian. Early Ladinian transgressions are reported in other Arctic regions (Mark e t al. 1989 ) and this may have resulted in the deposition of the phosphate nodules in Bjarn0ya. Alternatively, as the oldest beds of the Skuld Formation are probably of Late Ladinian age, the nodules may not have been deposited before that time as a basal remanie conglomerate for the Skuld Formation. So far, no information is available regarding the thickness of the sediments removed during the formation of the remanie conglomerate. However, the het- Nearly one hundred metres of sediments may have been deposited rapidly, possibly as a result of sediment influx from the east. The change in the mineralogy from the Urd Formation to the Skuld Formation is similar to those observed between the Sassendalen and the Kapp Toscana Groups elsewhere in Svalbard. On Spitsbergen this transition is thought to occur close to the Ladinian-Carnian boundary (Korchinskaya 1982) .
Carnian cycle. -The upper part of the Skuld Formation forms a sequence grading from dark shale to thickly bedded sandstones. The consistent Carnian evidence from palynology and macrofossils supports an interpretation of this part of the succession as representing a Carnian transgressive-regressive cycle.
Regional thickness variations
The 200m of Triassic rocks are at present the youngest deposits on Bjarnaya. As deduced from the maturation level of the organic content (Bjoroy et al. 1983) , they were at one time overlain by two to three km of younger deposits, which may have been of any age from the late Triassic to Tertiary. On Spitsbergen the thickness of the Sassendalen Group varies from 120 to 700 m and the Kapp Toscana Group ranges from 80 to more than 475 m (Mork et al. 1982) .
Thickness variation in offshore areas is considerable, with highs (Loppa High and parts of the Stappen High) having only a thin Mesozoic sediment cover, while the basinal successions (e.g. in the B j~r n 0 y a Basin) may comprise up to 10 km of Mesozoic rocks (Faleide et al. 1984) . In the Hammerfest Basin more than two km of Triassic sediments are present (Worsley et al. 1988) .
The thickness of the Sassendalen Group on B j~r n~y a is in the same range as on the SorkappHornsund High. However, while Lower Triassic sediments are thin on the Sarkapp-Hornsund High, they cpmprise all of the Urd Formation on Bjarn~ya. The lower part of the Middle Triassic succession, in contrast, is relatively thick on the Sarkapp-Hornsund High but is only represented by the Verdande Bed on Bjarnaya. These opposite relationships between two positive features, the Sarkapp-Hornsund and Stappen Highs, suggest that they have different uplift and subsidence histories. As indicated on S~rkappaya (south of Spitsbergen), with at least 220 m exposed of the Sassendalen Group, they may have been separated by a basin.
The Skuld Formation correlates with the lower part of the Kapp Toscana Group elsewhere in Svalbard, where the Tschermakfjellet and Austjakelen Formations are around 60 m thick. However, there is a gradual transition from these formations to the De Geerdalen Formation and the combined thickness of the group exceeds 475 m in eastern Svalbard, while on the SorkappHornsund High it is only 50 m thick.
These thickness variations conflict with the suggestion by Faleide et al. (1984) that the Stappen High (with Bj~rnOya) is connected to the S~rkapp-Hornsund High. The general structural trend to NNW-SSE oriented lineaments observed in Svalbard and Bjarncbya also contradicts that view, and may indicate that a sub-basin, or an area with greater subsidence, separated these two areas during deposition of the Sassendalen Group.
Summary
Only a few of the Triassic transgressions noted by Market al. (1989) from the Barents Sea, Svalbard and the Sverdrup Basin can be recognized on Bj~rncbya, namely those of Dienerian, early Smithian, ?Anisian and Carnian age. Even in these sequences normal transgressive-regressive cycles were not fully developed, as sedimentation seems to have been repeatedly interrupted and parts of the succession eroded, following local uplift.
Important hiatuses occur in the Griesbachian, Spathian, ?earliest Anisian and late Anisian-early Ladinian sequences. The development of these truncated cycles and the abundant hiatuses is consistent with B j~r n~y a ' s location on a separate tectonic block with a different subsidence and uplift history from Spitsbergen and the adjacent Barents Shelf areas, although the general pattern of sedimentation on B j~r n~y a is similar to that observed throughout the Arctic.
